INTRODUCTION
============

Benign prostatic hyperplasia (BPH) is a nonmalignant enlargement of the prostate caused by cellular hyperplasia.^[@R1]^ It is a common age-associated disease affecting ∼70% of men aged 70 years or over.^[@R2]^ BPH can be a bothersome and potentially severe condition. Not only can it lead to lower urinary tract symptoms (LUTS) and diminish patients' quality of life,^[@R3]^ but it may also be associated with certain male urologic cancers such as prostate cancer^[@R4]^ and bladder cancer.^[@R5],[@R6]^ The mechanism between BPH and urologic cancers is not fully understood. Some studies suggested that hormones, inflammation, metabolic syndrome are likely to play a role in BPH and prostate cancer.^[@R7]^ For bladder cancer, a possible explanation for the association is that the residual urine in the bladder in patients with BPH may cause lower urinary tract damage and BPH may prolong the time of urothelial exposure to urinary excreted carcinogens.^[@R8]^

To date many epidemiological studies have investigated the association between BPH and prostate cancers, which is one of the most common cancers worldwide and the number one cause of cancer death for men in the developed countries.^[@R9]^ However, the findings of these studies are inconsistent.^[@R10]--[@R12]^ Similarly, past studies investigating bladder cancer risk in BPH patients also gave inconsistent results.^[@R5],[@R6],[@R13],[@R14]^ The evidence of the association between BPH and the risk of urologic cancers other than prostate and bladder cancers is lacking and seldom reviewed systematically. Owing to the high prevalence of BPH and urologic cancers, investigation of their association is of great public health and clinical significance. Knowledge of this link could enable physicians to take common preventative strategies for BPH and urologic cancers, to improve the effectiveness of cancer screening, and potentially to treat cancer at an earlier stage.^[@R7],[@R15]^ To the best of our knowledge, there is no systematic review that studied the association between BPH and urologic cancer risk. We, therefore, performed this meta-analysis to estimate the magnitude of any association between BPH and male urologic cancers. Our null hypothesis was that the urologic cancer risk was equal between people with or without BPH.

METHODS
=======

This study was performed and reported according to the recommendation of Meta-analysis Of Observational Studies in Epidemiology (MOOSE) group.^[@R16]^ Ethics approval was not need as this is a secondary literature-based study.

Inclusion and Exclusion Criteria
--------------------------------

Studies were eligible for inclusion if they meet the following criteria: (1) the study was undertaken in general population or in patients with certain disease such as diabetes; (2) the exposure of interest was BPH, which can be defined by different criteria such as International Classification of Diseases; (3) the primary outcomes were urologic cancers including prostate cancer, bladder cancer, kidney cancer, testicular cancer, and/or penile cancer; (4) the study design was case-control studies and cohort studies. We excluded studies which did not report the adjusted effect or raw data about the association between BPH and urologic cancers. Cross-sectional studies, randomized clinical trials, and other study design were not eligible for inclusion. If multiple published reports were from the same study cohort, we included only the 1 with the most detailed information for both coffee consumption and outcome.

Literature Searches
-------------------

MEDLINE (inception ∼ May 2015), EMBASE (inception ∼ May 2015), Cochrane Library (inception ∼ March 2016), and Web of Science (inception ∼ March 2016) were searched to identify eligible studies. The search strategy consisted of search items for BPH, urologic cancers, and observational studies with the following subject headings and the text keywords: "benign prostatic hyperplasia", "prostate cancer", "bladder cancer", "kidney cancer", "testicular cancer", "penile cancer", "case-control study", and "cohort study". All the searches were restricted to human studies and there was no limitation on publication status or language. Bibliographies of the included studies and relevant review articles were manually checked to identify additional studies.

Study Selection
---------------

All the citations obtained from literature searches were initially downloaded into reference management software and the duplicated citations were electronically removed. Two authors then independently evaluated the eligibility of remaining studies by examining the titles, abstracts, and full articles sequentially, with discrepancies resolved by discussion.

Data Extraction and Quality Assessment
--------------------------------------

Two authors independently extracted the following information from included studies: study information, patient characteristics, matched or adjusted factors, information for study quality assessment, and estimated effects. We consulted the authors of original studies to collect missing information as necessary. Two authors independently evaluated the quality of included studies with the Newcastle--Ottawa Scale (NOS), which is a 9-score system assessing the risk of bias from participant selection, comparability, and exposure or outcome.^[@R17]^

Statistical Analysis
--------------------

Regarding the relative risk (RR), different measures of estimated effect were recorded or calculated, including odds ratio for case-control studies, risks ratio, or hazard ratio for cohort studies. We assumed that all of these effect measures would give a similar effect estimate and they were considered equally in the overall effect estimate.^[@R18]^

For each study, the RR and its corresponding standard error were transformed to the natural logarithms to stabilize the variance and to normalize the distributions. We calculated the variance in each study\'s measure of effect from the 95% confidence intervals (CIs). When both crude and adjusted RRs were provided, we used the most fully adjusted value. Overall effect estimates were calculated using the DerSimonian--Laird method for a random-effects model that considered both within- and between-study variation.^[@R19]^ Heterogeneity among studies was assessed with the *Q*-test and the *I*^2^ -index statistic. The low level of heterogeneity was defined as *I*^2^ ≤ 25%, accompanied by *P* \> 0.10 for the *Q*-test.^[@R20]^ Where significant heterogeneity was identified, we investigated the source of heterogeneity by subgroup analyses and meta-regression. The potential source of heterogeneity we investigated includes study design (case-control study and case-control study), ethnicity (Caucasian and Asian), source of participants (population-based study and hospital-based study), and quality of included studies (NOS score \>6 and NOS score ≤6).

Sensitivity analyses were carried out by excluding single-arm cohort studies, studies with high risk of bias, studies performed in patients with diabetes mellitus, or studies with a confirmed definition of BPH (confirmed by International Classification of Diseases or by a prior history of surgery or medical treatment for BPH). Publication bias was examined by funnel plots and Egger\'s test. Data analyses were undertaken using Review Manager (RevMan 5.2.9) and STATA 12 (STATA, College Station, TX). The study was reported according to the recommendation of Meta-analysis of Observational Studies in Epidemiology Group.^[@R16]^

RESULTS
=======

Study Characteristics
---------------------

The literature search yielded 1961 potentially relevant citations, of which 737 duplicates were excluded and 1224 citations were removed after reviewing titles and abstracts. The full texts of 46 remaining citations were screened, and finally 24 studies ^S1--S24^ including 1,615,099 participants were included (Figure [1](#F1){ref-type="fig"}, Supplemental digital content---Text). Nineteen^S1--S3,S6--S10,S12,S14--S20,S22,S23^ and 6^S4--S6,S11,S13,S24^ studies investigated the risk of prostate cancer and bladder cancer, respectively, with 1 cohort study ^S6^ considering both outcomes of interest. We did not identify any study evaluating the risk of BPH and the risk of urologic cancer other than prostate cancer and bladder cancer.

![Flowchart of study selection. ^∗^One cohort study investigated both prostate cancer and bladder cancer, and 1 study reported both prospective and retrospective data.](medi-95-e3493-g001){#F1}

Regarding prostate cancer, 14 studies used a case-control design^S7--S10,S12,S15--S24^, 6 were cohort studies,^S1--S3,S6,S14,S16^ and 1 publication reported both prospective and retrospective data^S16^. For the 6 studies that investigated risk of bladder cancer, 2 were case-control studies^S11,S24^ and 4 were cohort studies^S4--S6,S13^. Three studies were carried out in Caucasians,^S4,S6,S11^ 2 in Asians,^S5,S24^ and 1 did not report the race of the participants.^S13^ The detailed characteristics of included studies were presented in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}.
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Quality of Included Studies
---------------------------

Overall, the quality of included studies was moderate, with 20 studies achieving an NOS score over 6 points. In terms of the case-control studies, all were adequate in case definition, no participants in the control group had a history of prostate cancer (or bladder cancer). Nine studies^S9,S10,S12,S16,S17,S19,S21,S23,S24^ included consecutive or obviously representative series of cases and 6 studies ^S8,S10,S20,S21,S23,S24^ selected community controls. All of the included studies controlled or adjusted for age or other important factors on the basis of study design or analysis. Two studies^S18,S19^ had no description of the ascertainment of exposure and 7 studies^S9,S16,S18,S19,S21,S22,S24^ had the same nonresponse rates for both study groups.

As for the 9 included cohort studies, 7^S1--S3,S5,S6,S13,S14^ were considered to be truly or somewhat representative of BPH patients in the community and 6 studies^S2--S6,S16^ selected the nonexposed cohort from the same community as the exposed cohort. The ascertainment of exposure was not described in 1 study^S13^ and 7 studies^S2--S4,S6,S13,S14,S16^ demonstrated that participants were cancer free at the start of the study. All of the included studies controlled or adjusted for age or other important factors on the basis of the design or analysis. The follow-up was adequate and long enough for outcomes to occur in all the studies. The detailed evaluation of risk of bias was reported in the Supplemental digital content---Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}.

BPH and Risk of Prostate Cancer
-------------------------------

Meta-analysis of all 19 studies demonstrated that BPH was associated with an increased risk of prostate cancer (RR = 2.93, 95% CI = 1.88--4.56), with significant between-study heterogeneity (*I*^2^ = 97%; *P* \< 0.00001) (Figure [2](#F2){ref-type="fig"} and Table [3](#T3){ref-type="table"}). Subgroup analysis by study design showed that the association between BPH and prostate cancer was stronger in case-control studies (RR = 3.93, 95% CI = 2.18--7.08) than in cohort studies (RR = 1.41, 95% CI = 1.00--1.99), with a significant subgroup difference (*P* = 0.003). Subgroup analysis by ethnicity suggested that the association between BPH and prostate cancer was stronger in Asians (RR = 6.09, 95% CI = 2.96--12.54) than in Caucasians (RR = 1.54, 95% CI = 1.19--2.01). The difference remained significant in the meta-analysis of case-control studies (Asians: RR = 6.09, 95% CI = 2.96--12.54; Caucasians: RR = 1.79, 95% CI = 1.26--2.55). Subgroup analysis by ethnicity was not undertaken among cohort studies as there was no cohort study carried out in Asians. Subgroup analysis by the source of participant recruitment (*P* = 0.71) and study quality (*P* = 0.78) indicated no significant subgroup differences (Table [3](#T3){ref-type="table"}).

![The relative risk of prostate cancer in men with benign prostatic hyperplasia. The diamonds indicated the pooled relative risks; the size of each box indicates the relative weight of each study in the meta-analysis; the horizontal bars show the 95% confidence intervals. CI = confidence interval.](medi-95-e3493-g004){#F2}
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The subgroup analysis results were confirmed by univariate meta-regressions according to ethnicity (*P* \< 0.001; adjusted *R*-squared = 60.43%), study design (*P* = 0.011; adjusted *R*-squared = 23.69%), and study quality (*P* = 0.011; adjusted *R*-squared = 0%). Multivariate meta-regression suggested that it was ethnicity (*P* = 0.004; adjusted *R*-squared = 58.11%) rather than study design (*P* = 0.555; adjusted *R*-squared = 58.11%) that was significantly associated with the estimated effects.

BPH and Risk of Bladder Cancer
------------------------------

Mata-analysis including all 6 studies indicated that BPH was associated with an increased risk of bladder cancer (RR = 1.71, 95% CI = 1.39--2.11), with no significant between-study heterogeneity (*I*^2^ = 32%; *P* = 0.19) (Table [3](#T3){ref-type="table"} and Figure [3](#F3){ref-type="fig"}). The association of BPH and bladder cancer tended to be stronger in case-control studies (RR = 2.50, 95% CI = 1.63--3.84) than that in cohort studies (RR = 1.58, 95% CI = 1.28--1.95). Subgroup analyses by ethnicity, source of participant recruitment, and study quality generally showed a significantly increased risk of cancer with BPH in the subgroups, with no significant subgroup differences (Table [3](#T3){ref-type="table"}). Meta-regression was not performed as only 6 studies were included.

![The relative risk of bladder cancer in men with benign prostatic hyperplasia. The diamonds indicated the pooled relative risks; the size of each box indicates the relative weight of each study in the meta-analysis; the horizontal bars show the 95% confidence intervals. CI = confidence interval.](medi-95-e3493-g006){#F3}

Publication Bias and Sensitivity Analysis
-----------------------------------------

A visual inspection showed some asymmetry in the funnel plot for prostate cancer but none in the funnel plot for bladder cancer (Supplemental digital content---Figure). Egger\'s tests indicated no significant publication bias (prostate cancer: *P* = 0.11; bladder cancer: *P* = 0.95).

For both prostate cancer and bladder cancer, sensitivity analyses by excluding studies with high risk of bias, studies without matching or adjusting for any potentially confounding factor, or single-arm cohort studies did not show major influence to the estimated effects. BPH remained a significant risk factor for bladder cancer after excluding the studies performed diabetes patients (Supplemental digital content---Table [3](#T3){ref-type="table"}).

DISCUSSION
==========

In this systematic review of observational studies, we found a positive, significant association between BPH and the incidence of prostate cancer/bladder cancer, both in the meta-analysis including all eligible studies and in the subgroup analyses for various factors. Overall, BPH was associated with ∼2.9-fold increased incidence of prostate cancer and 1.7-fold increased incidence of bladder cancer. Meta-analyses of the association between BPH and risk of prostate cancer show significant between-study heterogeneity. This may partly due to the difference in ethnicity. The associated risk of prostate cancer seems to be much larger in Asians than in Caucasians.

In addition to epidemiological evidence, accumulating evidence indicates that hormones,^[@R7]^ inflammation,^[@R21],[@R22]^ metabolic syndrome ^[@R23],[@R24]^ are likely to play a role in BPH and prostate cancer. The homeostasis between prostate cell proliferation and cell death supported by dihydrotestosterone and estrogen is often disrupted in BPH patients.^[@R25]^ Fast-growing BPH is associated with an increased risk of prostate cancer and an increased likelihood that such cancer will be high grade.^[@R24]^ Inflammation is a well-established risk factor for both BPH and prostate cancer. Some studies have indicated that inflammatory infiltrates were more likely to suffer progression from BPH to prostate cancer than those without inflammation.^[@R20],[@R29]^ There is evidence that both BPH and prostate cancer are components of the metabolic syndrome.^[@R23]^ Many studies have also linked the metabolic syndrome with fast-growing BPH, which is a strong risk factor for the development of prostate cancer.^[@R24]^

In terms of the association between BPH and bladder cancer, current evidence supports the notion of a causal link. A possible explanation for the association is that the residual urine in the bladder in patients with BPH may cause lower urinary tract damage, and moreover, BPH may also prolong the time of urothelial exposure to urinary excreted carcinogens.^[@R8],[@R26],[@R27]^ This was indirectly supported by prospective evidence that high fluid intake, indicating less concentrated urine, was associated with lower risk of bladder cancer.^[@R27]^

Given the differences in prevalence, prognosis, and survival between Asian and Caucasian prostate cancer patients,^[@R2],[@R28]^ it is reasonable to suspect that the mechanism through which BPH contribute to prostate cancer maybe different between populations. In some case-control studies of Asian males, the relative risks can be as high as 13 to 26.^S12,S21^ The large estimates of the magnitude of effect can improve the quality of evidence.^[@R29]^ This is of great importance for the management of Asian BPH patients.

An important threat to the validity of our study finding is BPH detection bias in patients, particularly for the prostate cancer risk. It has been shown that increased disease awareness in BPH patients may increase the likelihood of being diagnosed with prostate cancer.^[@R26]^ In the study by Schenk et al,^[@R12]^ the authors found no significant association between BPH and prostate cancer incidence. The risk of detection bias in this study is low as all the participants received the same annual clinical examinations. However, this study was performed in a highly selected population and the generalizability of the findings is low. To the contrary, Orsted and colleagues found a positive association between BPH and prostate cancer incidence as well as mortality in the largest population-based cohort study.^[@R4]^ The association was still significant in the sensitivity analyses by excluding participants who had a diagnosis of prostate cancer within 1, 5, or 10 years after the start of follow-up, or by the introduction of prostate-specific antigen test. These statistical analyses minimized the potential influence from detection bias and suggested that detection bias alone cannot explain the positive link between BPH and prostate cancer.

Other limitations of this systematic review primarily arise from the risk of bias in the original studies. Some of the included studies may have patient selection bias or bias in ascertainment of exposures and outcomes. However, subgroup analysis and sensitivity analysis according to study quality did not reveal potential explanations for estimate effects. Additionally, the heterogeneity in the meta-analysis of prostate cancer may reduce the precision of the estimates. We applied a random-effects model and performed subgroup analysis to minimize the potential influence. Moreover, the definition of BPH was not clearly reported in many studies, so it is unclear whether clinical BPH increased the likelihood of cancer diagnosis.

To the best of our knowledge, this study is the first and most comprehensive study of BPH and the risk of urologic cancer. An exhaustive search of up-to-date literature was undertaken to ensure that most eligible observational studies were included. In addition, the total number of participants contributed to data analysis is much larger than any of the past studies on this topic. This allowed us to carry out stratified analysis to investigate the potential influential factor. Lastly, the robust sensitivity analyses and consistency in the subgroup analyses lend strength to our confidence in the study conclusion.

In conclusion, BPH is associated with an increased incidence for both prostate cancer and bladder cancer, and the prostate cancer risk is particularly high in Asian BPH patients. These findings can provide evidence in guiding cancer prevention and screening. Given the limitations of included studies, particularly for detection bias, additional prospective studies with strict design are needed to confirm our findings.
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